is found in the tellurium rich deposits of Mexico [7] . The importance of these tellurium bearing minerals is their open framework structures with negatively charged surfaces with zeolites pores [8] . Other tellurite minerals are cliffordite UTe 3 4+ O 9 [9, 10] the study of diagenetically related minerals as often occurs with many minerals. Some previous studies have been undertaken by the authors, using Raman spectroscopy to study complex secondary minerals formed by crystallization from concentrated solutions. The authors have studied sonorite using Raman spectroscopy [13] as well as other tellurite minerals [14] [15] [16] [17] [18] [19] . In this work we have extending our studies of sonorite by undertaking chemical analysis and electron microscopic studies. The aim of this paper is to present Raman and infrared spectra of natural sonorite and to discuss the spectra from a structural point of view. It is part of systematic studies on the vibrational spectra of minerals of secondary origin in the oxide supergene zone and their synthetic analogs.
Experimental

Samples description and preparation
The sonoraite sample studied in this work originated from the Moctezuma mine, New Mexico. This is the, type' mineral i.e., the mineral is accepted as the standard for this mineral. The compositions have been reported by Anthony et al. (p. 658) [20] .
The sample was incorporated to the collection of the Geology Department of the Federal University of Ouro Preto, Minas Gerais, Brazil, with sample code SAC-153. The sample was gently crushed and the associated minerals were removed under a stereomicroscope Leica MZ4. Qualitative and semiquantitative chemical analyses via SEM/EDS were applied to the mineral characterization.
Scanning electron microscopy (SEM)
Experiments and analyses involving electron microscopy were performed in the Center of Microscopy of the Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil (http://www.microscopia.ufmg.br).
Sonoraite crystals were coated with a 5 nm layer of evaporated carbon. Secondary Electron and Backscattering Electron images were obtained using a JEOL JSM-6360LV equipment. Qualitative and semi-quantitative chemical analyses in the EDS mode were performed with a ThermoNORAN spectrometer model Quest and was applied to support the mineral characterization.
Raman microprobe spectroscopy
Crystals of sonoraite were placed on a polished metal surface on the stage of an Olympus BHSM microscope, which is equipped with 10Â, 20Â, and 50Â objectives. The microscope is part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a Spectra-Physics model 127 He-Ne laser producing highly polarized light at 633 nm and collected at a nominal resolution of 2 cm À1 and a precision of ±1 cm À1 in the range between 200 and 4000 cm
À1
. Repeated acquisitions on the crystals using the highest magnification (50Â) were accumulated to improve the signal to noise ratio of the spectra. Raman Spectra were calibrated using the 520.5 cm À1 line of a silicon wafer. The Raman spectrum of at least 10 crystals was collected to ensure the consistency of the spectra.
An image of the sonoraite crystals measured is shown in the graphical abstract. Clearly the crystals of sonoraite are readily observed, making the Raman spectroscopic measurements readily obtainable.
Infrared spectroscopy
Infrared spectra of sonoraite were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart endurance single bounce diamond ATR cell. Spectra over the 4000-525 cm À1 range were obtained by the co-addition of 128 scans with a resolution of 4 cm À1 and a mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.
Spectral manipulation such as baseline correction/adjustment and smoothing were performed using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, USA). Band component analysis was undertaken using the Jandel 'Peakfit' software package that enabled the type of fitting function to be selected and allows specific parameters to be fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product function with the minimum number of component bands used for the fitting process. The Lorentzian-Gaussian ratio was maintained at values greater than 0.7 and fitting was undertaken until reproducible results were obtained with squared correlations of r 2 greater than 0.995.
Results and discussion
Chemical characterization
The SEM image of sonoraite sample studied in this work is shown in Fig. 1 . The image shows a fragment of a crystal aggregate. The chemical analysis is shown in Fig. 2 
Vibrational spectroscopy
The Raman spectrum of sonoraite in the 100-4000 cm À1 spectral range is illustrated in Fig. 3a . This spectrum shows the position of the Raman bands and their relative intensities. It is obvious that there are large parts of the spectrum where no Raman intensity is observed. Therefore, the Raman spectrum is subdivided into sections according to the type of vibration being investigated. Intensity in the OH stretching region is notably low. In this way, the precise position of the bands can be detailed. The infrared spectrum of sonoraite in the 500-4000 cm À1 spectral range is shown in Fig. 3b . The reflectance spectrum starts at 500 cm À1 because the ATR cell absorbs all infrared radiation below this wavenumber. As for the Raman spectrum, the infrared spectrum is subdivided into sections depending upon the type of vibration being examined. The complete infrared spectrum displays the position of the infrared bands and their relative intensity.
The Raman spectrum of sonoraite over the 1000-850 cm À1 spectral range is reported in Fig. 4a . The infrared spectrum of kidwellite over the 650-1300 cm À1 spectral range is reported in Fig. 4b . Farmer [21] states that very little research has been undertaken on the vibrational spectroscopy of selenates/selenites or tellurates/tellurites. No minerals with the selenate ion SeO 4 2À have been discovered and reported [22] . The tellurite ion should show a maximum of six bands. The free ion will have C 3v symmetry and four modes, 2A 1 [21] . The comment may be made, that there is very little published on the vibrational spectroscopy of tellurite and/or tellurate minerals, especially the Raman spectroscopy of these minerals [13] . The low intensity bands observed at 899 and 912 cm À1 may be attributed to impurities. These impurities are also reflected in the infrared bands over the 900-1250 cm À1 spectral region (Fig. 4b) . However and importantly, infrared bands are noted at 677, 689, 745 and 772 cm À1 . The latter two bands are assigned to the m 1 (TeO 3 ) 2À symmetric stretching mode and the first two bands to the m 3 (TeO 3 ) 2À antisymmetric stretching mode respectively. The low wavenumber region of sonoraite in the 400-800 cm À1 region is shown in Fig. 5a . The Raman spectrum of sonoraite in the 3000-3600 cm À1 region is displayed in Fig. 6a . The infrared spectrum of sonoraite in the 3000-3400 cm À1 region is displayed in Fig. 6b . The sharp Raman band at 3283 cm À1 is assigned to the OH stretching vibration of the OH units. This band appears to be superimposed upon a broader spectral profile. Raman bands are observed at 3215, 3302, 3419 and 3415 cm À1 which are attributed to water stretching bands. The observation of multiple bands suggests that the water molecules in the unit cell of sonoraite are non-equivalent.
Conclusions
We have undertaken a study of the mineral sonoraite using a combination of electron microscopy with EDX and vibrational spectroscopy. The Raman spectrum of the hydrated tellurite mineral sonoraite, Fe 3+ Te 4+ O 3 (OH)ÁH 2 O, was studied and complemented by infrared spectrum. Observed bands were assigned to the stretching and bending vibrations of the tellurite, (TeO 3 ) 2À anion, hydroxyl and water units in the sonoraite structure. A comparison of the Raman spectrum of sonoraite a hydrated hydroxy tellurite mineral with the Raman spectra of other anhydrous tellurite minerals has been made.
